Root bark preparation of Annona senegalensis Pers. (Annonaceae) is used in Nigerian ethnomedicine for treatment of infectious diseases. Extraction of the A. senegalensis powdered root bark with methanol-methylene chloride (1 : 1) mixture yielded the methanol-methylene extract (MME) which was fractionated to obtain the ethyl acetate fraction (EF). The EF on further fractionation gave two active subfractions, F1 and F2. The F1 yielded a lipophilic oily liquid while F2 on purification, precipitated white crystalline compound, AS2. F1 was analyzed using GC-MS, while AS2 was characterized by proton NMR and X-ray crystallography. Antibacterial and antifungal studies were performed using agar-well-diffusion method with 0.5 McFarland standard and MICs calculated. GC-MS gave 6 major constituents: kaur-16-en-19-oic acid; 1-dodecanol; 1-naphthalenemethanol; 6,6-dimethyl-bicyclo[3.1.1]hept-2-ene-2-ethanol; 3,3-dimethyl-2-(3-methylbuta-1,3-dienyl)cyclohexane-1-methanol; 3-hydroxyandrostan-17-carboxylic acid. AS2 was found to be kaur-16-en-19-oic acid. The MICs of EF, F1, and AS2 against B. subtilis were 180, 60, and 30 µg/mL, respectively. AS2 exhibited activity against S. aureus with an MIC of 150 µg/mL, while F1 was active against P. aeruginosa with an MIC of 40 µg/mL. However, the extracts and AS2 exhibited no effects against Candida albicans and Aspergillus niger. Therefore, kaurenoic acid and the lipophilic fraction from A. senegalensis root bark exhibited potent antibacterial activity.
Introduction
The increase in the incidence of new and reemerging infectious diseases caused by organisms with high resistance rates to standard antimicrobial agents has been a very challenging and global health burden. The indiscriminate and widespread antimicrobial use continues to cause significant increase in drug-resistant and multidrug-resistant bacteria [1, 2] . Medicinal plants have long been used in traditional medicine for treatment of various ailments including infectious diseases and many potent phytochemicals or second -ary metabolites possessing antimicrobial effects have been isolated from plants [3, 4] . These constituents could serve as veritable lead compounds in the science of drug discovery, development, and research. An example is the startling discovery of penicillin from a microscopic plant in 1928 that lead to the synthesis of its derivatives such as penicillin G [5] . It is quite pertinent to note that since the discovery of nalidixic acid in 1962, which led to the synthesis of more potent fluoroquinolones and derivatives [6] , there has not been the introduction of any major pharmacological class of antibacterial agents. Hence, this is posing a great challenge to researchers in the area of drug discovery and development of anti-infective agents and has equally lend credence to 2 Evidence-Based Complementary and Alternative Medicine the intensified research going on in the area of natural products for the isolation of potent compounds that could serve as lead in the discovery of new antibacterial agents [7] . Screening of medicinal plants and other natural products has led to the isolation of clinically active antibacterial agents [8] . Interestingly, many plant extracts have shown to possess antimicrobial effects and are being used in traditional medicine [9, 10] . Annona senegalensis Pers. (Annonaceae) is among the medicinal plants that have been documented to possess antibacterial effects [11] [12] [13] . Also the ethnomedicinal uses of the plant in the treatment of wounds and infectious diseases such as diarrhea [14, 15] periodontal and other oral infections [16] had been reported. Furthermore, the anticonvulsant, sedative, and muscle relaxant [17, 18] as well as anti-inflammatory [19] effects of the root bark extract and fractions of A. senegalensis have been reported. Therefore, the objective of this study was to ascertain the antimicrobial effects of the root bark extracts and fractions of A. senegalensis and to isolate and characterize the active phytochemical(s) responsible for these effects using proton-NMR and X-ray crystallography. 
Materials and Methods

Plant Materials.
Animals.
Adult albino mice (18-30 g; n = 14) bred in the Laboratory Animal Facility of the Department of Pharmacology and Toxicology, University of Nigeria, Nsukka, were used in the studies. The animals were maintained under standard laboratory conditions and had free access to standard pellets (Guinea Feeds, Nigeria Plc) and water. On transfer to the work area, animals were allowed two weeks of acclimatization before the commencement of the experiments. All animal experiments were conducted in compliance with the National Institute of Health Guidelines for Care and Use of Laboratory Animals (Publication no. 85-23, revised 1985) and approval of the University Ethical Committee on the use of laboratory animals. 
Preparation and Extraction of Plant Materials.
The root barks were peeled off, cut into pieces, and dried under shade. The dried root-bark was then pulverized into coarse powder using a hammer mill. The powdered material (2.95 kg) was extracted with a mixture of methanol: methylene chloride (1 : 1) using Soxhlet extractor to obtain the methanol: methylene chloride extract or the crude extract (MME). This was concentrated at reduced pressure using a rotary evaporator to obtain a yield of 375 g (12.71% w/w).
Solvent-Guided
Fractionation of MME and BioactivityGuided Studies. The methanol-methylene chloride extract (MME; 250 g) was subjected to solvent-guided fractionation in a silica gel (70-220 mesh, Merck Germany) column, successively eluted with n-hexane, ethyl acetate, and methanol in order of increasing polarity. The fractions were concentrated under reduced pressure in a rotary evaporator (below 40
• C) to obtain the hexane fraction (HF; 115 g; 46.0% w/w), ethyl acetate fraction (EF; 61 g; 24.4% w/w), and methanol fraction (MF; 69.5 g; 27.8% w/w). Bioactivity-guided studies on the extract and fractions using agar well diffusion method showed that EF had a potent antibacterial activity with a relatively higher inhibition zone diameter (IZD) than the HF and MF. Subsequently, the ethyl acetate (EF) soluble fraction was subjected to column chromatographic separation. The EF (50 g) was separated in a dry-packed silica gel (70-220 mesh, Merck Germany) column of width 4 cm and length 40 cm. The extract was mixed with the silica gel and loaded on top of the prepacked column. The column was successively eluted with gradient mixtures of n-hexane and ethyl acetate (1 : 0, 9 : 1, 8 : 2, 7 : 3, 6 : 4, 5 : 5, 4 : 6, 3 : 7, and 2 : 8) and the fractions collected in 500 mL volume. The fractions were subsequently pooled and concentrated to afford eight broad fractions, F1-F8, based on the similarity of constituents visualized on silica gel precoated TLC plates (Uniplate-Analtech Co., USA), developed with mixtures of n-hexane and ethyl acetate accordingly. Fraction F1 gave an oily liquid or lipophilic fraction, while F2 (9-12; 2000 mL) when concentrated yielded white crystals. However, the crystals yielded by F2 were harvested and purified by repeated washing with n-hexane and dried to obtain A. senegalensis crystals (AS2) (2.8 g; 5.6% w/w) which was stored in a refrigerator for activity studies.
Phytochemical Tests.
The preliminary phytochemical analysis of methanol-methylene chloride extract (MME), ethyl acetate fraction (EF), hexane fraction (HF), methanol fraction (MF), and ethyl acetate subfraction isolated compound, AS2 were performed using standard phytochemical procedures as described by Harborne [20] and Trease and Evans [21] . Briefly, frothing test for saponins, Salkowski test for terpenoids, Liebermann-Burchard tests for steroids, ferric chloride test for tannins, Keller-Killiani test for cardiac glycosides, Dragendorff 's and Mayer's test for alkaloids, Fehling's test for reducing sugars, xanthoproteic test for proteins, iodine test for carbohydrates or starch, and ammonia test for detection of flavonoids were performed for qualitative identification of the phytoconstituents present in [22] . All reagents for the preliminary phytochemical analysis were freshly prepared.
Identification and Characterization of AS2.
Structural elucidation of the pure crystals, AS2, was performed using proton NMR and X-ray crystallography, since the compound is in crystal form. The melting point of AS2 was also determined using an analog melting point apparatus (Electrothermal, Cat. no. IA 6304, England). The identity was established by comparison of the spectral data and X-ray crystallography of previously published compounds [23] .
Acute Toxicity and Lethality (LD 50 ) Test of AS2.
The oral acute toxicity and lethality test (LD50) of the AS2 was performed in mice using the method described by Lorke [24] . Briefly, the test was performed in two stages. In stage one, animals received oral administration of one of 10, 100, and 1000 mg/kg (n = 3) of AS2 and observed for 24 h for number of deaths. Since no death occurred in any of the groups in the first stage of the test, in stage two of the test, 1600, 2900, and 5000 mg/kg doses of the AS2 were administered to a fresh batch of animals (n = 1) and was also monitored for 24 h. Since death occurred at the maximum dose (5000 mg/kg), the LD 50 was estimated as the product of the square root of the dose that recorded death and the dose that recorded no death preceding it (in this case, 2900 mg/kg dose). We have estimated and reported the acute toxicities and lethality tests of MME, EF, HF, and MF in a separate study [18] .
GCMS Analysis of the Lipophilic Fraction (F1).
The gas chromatography mass spectrometry (GCMS) of F1, the lipophilic subfraction, of the EF fractions was analyzed using GCMS-QP2010 PLUS (SHIMADZU, JAPAN) in order to characterize the lipophilic components. Sample of the F1 was suspended in 1 mL of ethyl acetate (Merck, Germany) and 1 : l of this solution was analyzed by the gas chromatography coupled with mass spectrometry equipped with a fused silica capillary column DB-5 (30 m × 0.25 mm × 0.25 m). The electron impact technique (70 eV) was used with the injector temperature at 240
• C and that of the detector at 230
• C. The carrier gas was helium at the working rate of 1.7 mL/min. The column temperature was initially 60
• C and then was gradually increased at the rate of 3
• C/min up to 240
• C. For detection of the oil components, we used a flame ionization detector set up at 230
• C. The identification of the components of the lipophilic fraction was effected through comparison of substance mass spectrum with the database of the GC/MS (NIST 62.lib), the literature, and retention index [25, 26] .
Antimicrobial Assay.
Each of the extract (MME), fractions (HF, EF, and MF), F1 and AS2 was dissolved in dimethyl sulfoxide (DMSO) to obtain 100 mg/mL concentration. Subsequently, the concentration was diluted to obtain 50, 25, 12.5, and 6.25 mg/mL for the determination of the minimum inhibitory concentration (MIC) at the dose levels. Agar well diffusion method as described in [27, 28] was employed for the assay. The test organisms, the clinical isolates, were prepared with a 0.5 McFarland standard and subcultured at 37
• C and maintained on nutrient agar media for bacteria and sabouraud agar media for fungi (Aspergillus niger and Candida albicans). Petriplates containing 20 mL of respective medium were seeded with selected microbial strains and incubated at 37
• C for 24 hours. Standard antimicrobial agents used as positive controls were gentamycin (Lek, Slovakia) and ciprofloxacin (Medreich, India). After 24 hours the inhibition zone diameters (IZD) were recorded and the mean calculated. The minimum inhibitory concentrations (MICs) were then determined at various dilutions by extrapolation from the graphs of IZD squared (IZD 2 ) against logarithm of the concentration.
Statistical
Analysis. Data obtained were analysed by SPSS (Version 14) using One-Way Analysis of Variance (ANOVA) with Dunnet its test for multiple comparisons with the control. Values are in mean ± SEM and were considered significant at P < 0.05.
Results
Phytochemical Tests.
Phytochemical tests of methanolmethylene chloride extract (MME) gave positive reactions with phytochemical reagents with respect to alkaloids, carbohydrates, flavonoids, fats and oils, glycosides, reducing sugars, resins, steroids, saponins, and terpenoids. The ethyl acetate (EF) gave positive reactions for alkaloids, flavonoids, resins and terpenoids, while AS2 gave a strong positive reaction with Salkowski test. The phytoconstituents of hexane fraction (HF) and methanol fraction (MF) were also shown ( Table 2) . 50 ) Test of AS2. The medium lethal dose (LD 50 ) of the AS2 was found to be 3800 mg/kg in mice indicating the good level of safety.
Acute Toxicity and Lethality (LD
Identification and Characterization of AS2.
The AS2 was shown to be a white crystalline and odourless compound. The results of the proton NMR and X-ray crystallography, when compared with the spectral data of known compounds, established the identity of AS2 to be kaur-16-en-19-oic acid or kaurenoic acid, a diterpenoid, with the chemical structure and X-ray crystallograph as shown ( Figures 1, 2 and 3 ). The melting point of AS2 was found to be 170-172 • C.
GCMS Analysis of the Lipophilic Fraction (F1).
The GCMS analysis of F1 revealed the presence of the following 6 major constituents which include kaur-16-en-19-oic acid, 1-dodecanol, 1-naphthalenemethanol, 6,6-dimethyl-bicyclo [3.1.1]hept-2-ene-2-ethanol, 3,3-dimethyl-2-(3-methylbuta-1,3-dienyl)cyclohexan-1-methanol, and 3-hydroxyandrostan-17-carboxylic acid ( Table 3 ). The chemical structures of these constituents are shown in Figure 4 .
Antimicrobial Assay.
The extract, fractions, and AS2 exhibited significant antibacterial activity and are devoid of any antifungal activity. The results of the inhibition zone diameter (IZD) and MICs of the extract and fractions revealed activity against gram-positive and gram-negative organisms ( Table 4 ). The order of potency against the various bacteria isolates with respect to their MICs by the extract and fractions was B. subtilis (AS2 > F1 > HF ≡ MF > EF > MME), S. aureus (AS2 > MME), and P. aeruginosa (F1 > MME) ( (Table 5 ). However, the antifungal test for MME, EF, HF, MF, F1, and AS2 against A. niger and C. albicans showed no activity.
Discussion
The antimicrobial effects of the methanol-methylene chloride extract (MME), ethyl acetate fraction (EF), hexane NMR and X-ray crystallography identified and characterized AS2 to be a diterpene known as kaur-16-en-19-oic acid or kaurenoic acid (KA). The melting point of AS2 was found to be 170-172
• C which was of a comparable range with that of kaurenoic acid from a different source already reported [29] . In a separate study, the antibacterial effects of the essential oil from A. senegalensis have been reported [12] and more importantly the antibacterial activity of kaurenoic acid from the root extract of another plant, Viguiera arenaria, has been documented [30] . The extracts, F1 and the KA, exhibited better antibacterial effects against gram-positive organisms such as B. subtilis and S. aureus, than the gram-negative rods such as P. aeruginosa, S. paratyphi, and E. coli used in the study.
Therefore, the antibacterial effects of MME, EF, HF, MF, F1, and AS2 against organisms such as P. aeruginosa and S. aureus correlated with the ethnomedicinal use of the plant in wound healing, since P. aeruginosa and S. aureus had been implicated in the contamination of wounds and boils [31] . The antibacterial activity against P. aeruginosa is of interest because P. aeruginosa has been reported to be resistant to many antibacterial agents and identified as an opportunistic pathogen which causes complications in immune-compromised patients [32] . The activity of root bark extracts of A. senegalensis against S. aureus has also been documented in a separate study [13] . Moreover, according to Apak and Olila [13] , the root bark extract of A. senegalensis exhibited no activity against E. coli which was consistent with 6 Evidence-Based Complementary and Alternative Medicine the lack of activity of MME, EF, HF, MF, F1, and AS2 against E. coli identified in this study. In addition to the antibacterial action of KA, there is the possibility of the presence of other phytochemicals contributing to the antibacterial activity of the extracts and fractions of A. senegalensis. This is more so since the F1, which consisted 6 major constituents, together with KA, exhibited potent antibacterial activity with an MIC of 40 µg/mL against P. aeruginosa, whereas the kaurenoic acid alone did not show appreciable activity against P. aeruginosa. Hence, due to the presence of six major phytochemicals in the GC-MS analysis of the F1, the observed antibacterial effects could be attributed to the combined or single effects of any of the compounds which include kaur-16-en-19-oic acid, 1-dodecanol, 1-naphthalenemethanol, 6,6-dimethyl-bicyclo [3.1.1] hept-2-ene-2-ethanol, 3,3-dimethyl-2-(3-methylbuta-1,3-ienyl)cyclohexan-1-methanol, and 3-hydroxyandrostan-17-carboxylic acid. The presence of kaurenoic acid among these compounds is of practical interest as it was also established as the pure isolated compound, AS2. The kaurenoic acid from the F1 gave the following mass ions on fragmentation with the GCMS analysis: 316 (molecular ion), 301 (demethylation), and 273 (decarboxylation). Notably, steroids, organic acids, and alcohols dominated the remaining 5 compounds of the F1 and both organic acids as well as alcohols are known to possess antibacterial activity especially at higher concentrations [3] . However, F1 showed a strong indication and possibility of being a fixed oil, since it possesses some characteristics attributable to fixed oils which include odorless liquid at room temperature, pale yellowish in colour, permanent grease spot on filter paper when heated in an oven and often contains mixture of organic acids as well as being an extraction product of n-hexane or mixture of n-hexane and ethyl acetate [33] . Medicinal plants with preponderance of variety of secondary metabolites, such as tannins, terpenoids, essential oils, alkaloids, and flavonoids have been found in vitro, to possess antimicrobial properties [3] . There is a recognizable loss of activity due to fractionation as the crude extract, MME, exhibited activity against all the organisms tested except E. coli, whereas the fractions were found to have lost activity to some of the tested organisms especially S. paratyphi. The presence of diterpenoid compounds in the extracts and fractions of A. senegalensis really correlated well with the high presence of resins in plants as diterpene acids occur well in plant resins. Some other published works have reported the isolation of kaurenoic acid from the leaves of A. senegalensis [34, 35] and aerial parts of Espeletia semigloburata [36] which exhibited antibacterial, anticancer, anti-inflammatory, and antipyretic effects. The lack of activity against fungal organism, C. albicans, in the study was in consistent with other reported work on root bark extract of A. senegalensis which exhibited lack of activity against C. albicans [16] . In other documented studies, terpenoids have shown to possess antibacterial [3, 37, 38] , antiviral [39, 40] , and antiprotozoal effects [41] . Particularly, antibacterial effects of diterpenoids isolated from other plants have been reported [42, 43] . The results from this study tend to support the ethnomedicinal claim of root bark of A. senegalensis in treatment of bacterial infections and wound healing particularly in the treatment urinary tract infections in veterinary animals [13] . Furthermore, KA could equally serve as a veritable lead compound in the development of potent standard antibacterial agent.
Conclusion
Results of the study have indicated that a diterpenoid, kaur-16-en-19-oic acid or kaurenoic acid, has been identified as the phytochemical constituent responsible for the antibacterial effects of root bark of Nigerian Annona senegalensis Pers. (Verbenaceae) and is devoid of appreciable antifungal effects.
